Using Hubble Space Telescope (HST) WFPC2 images, we have obtained U, B, V, I, and H photometry for 76 star clusters in the nuclear star-forming ring of the barred spiral galaxy NGC 4314. These clusters are likely associated with an inner inner Lindblad resonance (IILR). The blue colors and H emission for most of these clusters imply very young ages of 1-15 Myr. Age estimates based on several reddening-free parameters indicate that the present epoch of star formation has lasted at least 30 Myr. By estimating the masses of stars in the clusters and comparing with the H luminosity, we conclude that a significant fraction of ongoing star formation in the nuclear ring of NGC 4314 occurs in clusters. The cluster masses identify these as young open clusters, not young globular clusters. Farther out in the galaxy, just exterior to the ring of young stars, previous ground-based observations revealed two symmetric stellar spiral arms that may be associated with an outer inner Lindblad resonance (OILR). With our HST data, we have revealed part of this structure and its colors in more detail. The spiral arm colors are consistent with stellar ages between 40 and 200 Myr. The age difference between the inner ring of young stars (IILR) and the larger oval-like feature containing the blue arms (OILR) supports an interpretation of the morphology of the nuclear region of NGC 4314 that requires a reservoir of gas that becomes more compact over time. We speculate that as the gas distribution becomes more centrally concentrated, it interacts with these two resonances. Each resonance triggers star formation, resulting in two distinct epochs of star formation.
INTRODUCTION
The primary goal for this paper is to determine the history of star formation associated with the nuclear ring of NGC 4314. We seek details of the history of recent and past star formation to choose among a number of possible star formation processes. Buta & Combes (1996) reviewed progress toward an understanding of rings in galaxies. They claimed that rings are a natural consequence of barred galaxy dynamics and are often the only location within a galaxy experiencing active star formation. A complete understanding of star formation in rings will only come from detailed examination of that ongoing process. NGC 4314 is one of the nearest examples of a galaxy hosting a nuclear ring of active star formation. For NGC 4314 this process takes place in a galaxy otherwise devoid of star formation, against the smooth, uncomplicated backdrop of an early barred spiral galaxy. To determine a star formation history of NGC 4314, we analyze U, B, V, I, and H photometry of clusters in the nuclear ring. We obtain evidence of past but recent star formation from surface photometry of regions just exterior to the nuclear ring.
To summarize past work on this galaxy, we note that NGC 4314 exhibits evidence for many features associated with resonances. It has a large-scale stellar bar of diameter 130 00 (8.3 kpc) and a prominent circumnuclear ring of star formation of diameter 10 00 (640 pc) that is visible in H (Pogge 1989) , radio continuum (Garcia-Barreto et al. 1991) , and optical color maps (Benedict et al. 1992 , hereafter Paper I). CO (1-0) mapping of NGC 4314 (Combes et al. 1992 ) at 5 00 resolution revealed the presence of a molecular ring whose mean radius is slightly smaller than the ring of star formation. Benedict, Smith, & Kenney (1996, hereafter Paper III) mapped this region in CO with 2>2 spatial and 13 km s À1 velocity resolution and detected molecular gas flowing radially into the ring. The galaxy morphology and kinematics (Papers I and III) both strongly suggest that the nuclear ring is associated with an inner Lindblad resonance (ILR).
Outside of the stellar and gas rings, a blue elliptical feature of diameter 20 00 -25 00 (1 kpc) is seen in optical and IR color maps, which may correspond to a ring of relatively young but nonionizing stars (Paper I). This structure was identified with an outer ILR (OILR) in Paper III. There are two symmetric spiral arms within this elliptical region, which can be seen on the unsharp masked optical image shown in Figure 1 of Paper I and in the optical-IR color map presented by Wozniak et al. (1995) . This elliptical region is elongated perpendicular to the primary bar, suggesting that it is partially composed of stars on x 2 orbits that may be associated with an ILR (Athanassoula 1992) . Combes et al. (1992) contend that in this galaxy a ring of molecular gas is propagating inward. This is in contrast with the evolutionary scenario proposed by Kenney, Carlstrom, & Young (1993) for strong starbursts, in which star formation devours gas most rapidly in the center, ultimately forming a ring of gas near the ILR.
Much evidence of the processes that trigger the conversion of gas into stars can be seen in the active nuclear ring of NGC 4314. The color image of the nuclear ring in the barred spiral galaxy NGC 4314 shown in Figure 1 serves to summarize the motivations for the present study. We are presented with a narrow ring of active star formation, a distribution of dust and CO (Paper III) delineating the raw material for that formation, and possible evidence of past star formation-the blue arms just exterior to the ring to the southeast and northwest. Understanding those blue arms is our secondary goal. In order to do this, we model and subtract the underlying bulge and bar stellar distributions, which are composed of presumably older stars. Finally, we wished to exploit WFPC2 resolution to reconfirm the nuclear bar first detected in lower quality WFPC1 data (Benedict et al. 1993 , hereafter Paper II), now confirmed with NICMOS observations (Ann 2001) .
We describe our observations in x 2 and discuss data reduction and calibration in x 3. We present our surface photometry in x 4, where we confirm the nuclear bar and obtain colors corrected for the background light from the galaxy for regions just exterior to the nuclear ring, including the blue spiral arms. In x 5 we look for patterns in the spatial distribution of the star clusters in the nuclear ring and in the blue arms. In x 6 we interpret the photometry of the clusters associated with the nuclear ring to obtain cluster reddening, absolute magnitudes, ages, and masses. We briefly analyze the H morphology. In x 7 we compare ages obtained for the stars comprising the blue arms with those derived for the nuclear ring clusters (NRCs) . In x 8 we discuss our observations in the context of star formation rates (SFRs) and processes. Throughout this paper we compare our results to those on the equally well studied nuclear ring galaxies NGC 1326 (Buta et al. 2000) and NGC 1512 (Maoz et al. 2001) . Fig. 1 .-True color image of the nuclear ring of NGC 4314. North is at the top, east to the left. U+B provided the blue channel, V the green, and a combination of I+H the red. Note the purple hue of the strongest H ii regions. Note the blue arms to the southeast and northwest, exterior to the ring of presently active star formation. The field of view is 25>7 Â 23>0.
We summarize our results in x 9. Some general properties of NGC 4314 relevant to this paper are provided in Table 1 . We adopt a distance of 13.1 Mpc, derived from the CO systemic velocity obtained in Paper II, and H 0 ¼ 75 km s À1 Mpc À1 (Madore et al. 1999 ).
OBSERVATIONS
The observations were acquired using the Hubble Space Telescope (HST) WFPC2 on 1995 December 29. During five orbits we obtained aggregate exposures of 3700, 2500, 600, 600, and 600 s for F336W (U), F439W (B), F569W (V ), F814W (I ), and F658N (H), respectively. Note that F658N ( ¼ 659:0 nm) was used rather than the standard H filter, F656N, because the redshift of NGC 4314 would have removed H from the 28.5 Å bandpass. This paper only discusses data from the higher resolution Planetary Camera (PC) chip on WFPC2. The PC has a pixel size of 0>046 and a field of view of 36>8 Â 36>8.
DATA REDUCTION AND CALIBRATION

Images
All data reduction was done using IRAF. 8 First, all images were shifted to the same coordinate system using the task imshift. The individual images for each filter were then co-added using the option crreject with the task combine to remove cosmic rays. Images were scaled by exposure time. Conversion of instrumental magnitudes to Landolt UBVI magnitudes was done using the calibration data presented in Holtzman et al. (1995a, hereafter H95a) .
The color image in Figure 1 was produced by Z. Levay at the Space Telescope Science Institute. For this image U+B provided the blue channel, V the green, and a combination of I+H the red.
Nuclear Ring Cluster Aperture Photometry
A master image, made by combining data from all wavelengths, was used for NRC identification. The routine daofind was run on the master image. Those 186 objects that were detected at the 10 level were identified as candidate clusters. The coordinates of these objects were used as input to daophot, which was used to generate the instrumental photometry.
The size (FWHM) of each source is one of the parameters returned by daophot. Very few clusters had an FWHM greater than that of a stellar source (FWHM > 2:7 pixels ¼ 0>12 ¼ 7:5 pc). All but one of those '' resolved '' were in crowded fields. We concluded that, except for one cluster, resolution was spurious as a result of crowding. In support of this assertion we point out that the Pleiades are about 2 pc across, as is R136 in the LMC (Hunter et al. 1997 ). The median cluster diameter is 5 pc in NGC 4449 (Gelatt, Hunter, & Gallagher 2001) and $3 pc in NGC 1569 (Hunter et al. 2000) . The one resolved cluster is NRC 42, discussed in x 6.10.
As a result of this crowding of clusters, point-spread function (PSF) fitting could not be used, so aperture photometry was necessary. Small apertures were necessary to reduce errors due to the crowded nature of the ring. An aperture radius of 0>2 (4.4 pixels for the PC) was chosen. The median sky value was determined from an annulus of width 4 pixels starting 5 pixels from the center of the cluster.
Photometric Calibration
Conversion of instrumental magnitudes to Landolt UBVI magnitudes was done using the calibration data presented in H95a. Because H95a used an aperture radius of 0>5, an aperture correction was necessary to correct the 0>2 radius to 0>5 radius. Aperture corrections of 0.11 mag for filters F336W, F439W, and F814W and 0.12 mag for F569W were derived from the encircled energy curves presented in Holtzman et al. (1995b, hereafter H95b) .
The focus position of HST is known to drift over time. The effect of this drift is to change the photometric zero points. The zero points used here have been corrected (Suchkov & Casertano 1997) to take into account focus drift. Corrections of À0.04, À0.02, and À0.03 mag were applied to the zero points presented in H95b for F439W, F555W, and F814W, respectively.
The impact of charge transfer efficiency (CTE) on these data is thought to be negligible. The observations were taken on 1995 December 29. This is after the temperature of WFPC2 was changed to À88 C, which reduced the magnitude of the effect, but before recent increases in CTE effects (Whitmore, Heyer, & Casertano 1999a) . In addition, the presence of significant background (>250e À ) in these images makes a correction for CTE unnecessary (H95b).
We obtained a continuum-free H image of NGC 4314 by subtracting the I image, after converting both images to units of ergs s À1 cm À2 Å À1 , using the calibration constants from the WFPC2 Data Handbook. Generally for H continuum subtraction, an R-band image or a narrowband image is used instead of I (e.g., Kennicutt, Edgar, & Hodge 1989) . To test how much uncertainty is introduced in our flux values by substituting the I-band image, we created a second continuum-subtracted image using the V-band image. We found a very similar morphology, and the total flux density agrees within 2% of the values obtained with the (Madore et al. 1999) .
References.
- (1 I-band image. Our final map is an average of the two continuum-subtracted images, roughly an (H+continuum) '' R '' image. The total H flux that we obtained for the galaxy is 4:3 Â 10 À13 ergs s À1 cm À2 , compared to 1:0 Â 10 À13 ergs s À1 cm À2 quoted by Gonzales Delgado et al. (1997) based on ground-based data.
In partial explanation for the discrepancy it is likely that the H emission line was at the edge of the 5.3 nm bandpass of their filter (centered on 656.3 nm). In addition, our F658N measurements include flux from the [N ii] lines redshifted to 657.0 and 660.5 nm. The first of these is on the short wing of the F658N filter at $40% transmission. The second is at $80% transmission. We estimate (from integral field spectroscopy obtained with TIGER/OASIS on the Canada-France-Hawaii Telescope [CFHT] ) that the H/ [N ii] ratio in the vicinity of the cluster complex involving NRC 53, NRC 54, and NRC 57 is $50%. Assuming this level of [N ii] contamination in our filter for all sources, it is likely that our true H flux is $2 Â 10 À13 ergs s À1 cm À2 . The total H þ ½N ii luminosity of the NGC 4314 nuclear ring is 9 Â 10 39 ergs s À1 , compared to 6 Â 10 39 ergs s À1 for NGC 1512 (Maoz et al. 2001) . Both these galaxies have a total H þ ½N ii luminosity an order of magnitude less than that of the nuclear ring in NGC 1326, where Buta et al. (2000) find LðHÞ ¼ 1:2 Â 10 41 ergs s À1 .
NRC Photometry Internal Errors
Because the systematic errors inherent in converting the instrumental magnitudes to the Landolt system are particularly hard to characterize, only the statistical errors are presented here. Systematic errors should be small for all bands except U, which, as H95a points out, may have errors of 0.1 mag or greater. However, since we are concerned mainly with relative colors, systematic effects should not affect our results. With our primary goal being the search for age differences, we reduced the effects of faint clusters and/or poorly determined sky values due to crowding of the field by selecting only NRCs with statistical VÀI and UÀB color errors less than 0.15 mag. Out of an initial sample of 186 NRCs, 76 met these criteria, all with V 22:90. These NRCs are identified in a finder chart (Fig. 2) . Fig. 2. -Finding chart for the selected clusters (x 3.2.2) associated with the nuclear ring (NRCs) and listed in Table 2 . North is at the top, east to the left. We number the clusters in declination order.
Correction for Galactic Extinction
Despite NGC 4314 having a high Galactic latitude (83 ), the extinction map of Schlegel, Finkbeiner, & Davis (1998) yields E BÀV ¼ 0:024 AE 0:004, indicating an extinction due to our Galaxy of A V ¼ 0:083. Assuming a Savage & Mathis (1979) 
extinction curve, we correct our measured NRC colors: (UÀBÞ 0 ¼ UÀB À 0:028, (BÀV Þ 0 ¼ BÀV À 0:024, and (VÀIÞ 0 ¼ V ÀI À 0:035. These corrected colors are used for the remainder of this paper. We provide R.A. and decl. positions (relative to the galaxy center), V 0 , UÀB 0 , BÀV 0 , and VÀI 0 for the NRCs in Table 2 . We discuss the H þ ½N ii fluxes in x 6.3.
SURFACE PHOTOMETRY: MODELING THE NUCLEAR REGION WITH NESTED ELLIPSES
We model the light distribution within the PC using the nested ellipse approach described in Jørgensen, Franx, & Kjaergaard (1992) . The data modeled include only contributions from the bulge and primary stellar bar. The regions of the nuclear ring and blue arms exterior to the ring were excluded from the fit. Figure 3 provides the results of this modeling as the variation with radius of V surface magnitude (l V ), VÀI surface color, ellipse position angle, eccentricity, and ellipse center. In Figure 4 we show the Fourier coefficients c 3 , c 4 , s 3 , and s 4 [e.g., c 4 cos 4
ð Þ]. All parameters except l V and VÀI were determined from the I-band data.
Excluding the blue arms (seen in Fig. 1 ) exterior to the ring from the ellipse modeling permits us to obtain their intrinsic colors. We obtain this information from the residual maps, by subtracting the fitted ellipses from the original data. The excess signals above the model in each bandpass are used to produce color indexes. Figure 5 presents the sum of all the residual maps (U, B, V, and I ). The sum yields the least noisy and most detailed map of the dust and star cluster distributions. It is obvious that most of the dust (and hence gas; see Paper III, x 3.2.2) lies interior to the newly formed star clusters.
The Nuclear Bar
Inside the H ii region ring, a nuclear stellar bar of diameter $8 00 (480 pc) was seen in HST WFPC1 I-band data (Paper II). The nuclear bar lies within the inner ILR (IILR; Binney & Tremaine 1987) . Ann (2001) used an HST H-band image to reveal a nuclear bar by subtracting off an r 1/4 bulge component. At the radii where the luminosity from the nuclear bar is dominant, from about 3 00 to 6 00 (Ann 2001), our new HST/WFPC2 data show (Fig. 3b ) a significantly different position angle (P:A: ¼ 140 ) compared to the position angles for smaller radii. We take P:A: ¼ 140 to be the position angle of the bar. We also see a weak maximum in the ellipticity profile, though the ellipticity does not reach as high a value as found by Ann (2001) . This difference is most likely due to the difference in wavelengths for the observations. Of particular interest is the strength of the cosð4Þ term in the Fourier expansion of the isophotal deviation from a pure ellipse. The c 4 coefficient is positive for the 3 00 -6 00 radius interval, indicating that the isophotes are boxy (e.g., Lauer 1985; Mihos et al. 1995) . Whether a bar is detected as purely disky or purely boxy depends on the surrounding luminosity distribution. In the case of NGC 4314, there are dust lanes in and near the center of the galaxy (see The intricate dust distribution revealed in Figure 5 shows lanes extending to the center of the galaxy. This may suggest gas inflowing to within a few parsecs of the galaxy nucleus. The nuclear bar may be partly responsible for driving this gas inward, although the complex dust lane pattern suggests that other processes may be dominant (Shlosman & Heller 2002) . The nucleus of NGC 4314 is not strongly active; there are no broad-line components detected, although its nuclear emission line ratios give it a weak LINER classification .
Surface Photometry of the Blue Arms
Our approach for obtaining photometry of the stars comprising the blue arms is predicated on two assumptions. The first is that galaxy shape is defined by stellar dynamics. The shape of the bulge and primary stellar bar combination is determined by the dynamics of two old stellar populations. The second assumption is that the blue arms represent an additional, dynamically distinct population.
A total of 12 apertures (radius of 0>2, same as for the cluster photometry) were placed along the blue arms just outside of the nuclear ring, as shown in Figure 5 . After subtracting the flux predicted from the nested ellipse model, residual fluxes inside these apertures were measured and converted to U, B, V, and I surface magnitudes and BÀV, UÀB, and VÀI colors for the purpose of comparison to the NRCs. Again, correcting for extinction within our Galaxy, we provide surface magnitudes and colors l V 0 , l ðUÀBÞ 0 , l ðBÀV Þ 0 , and l ðV ÀIÞ 0 for these locations in Table 3 , where l x denotes surface photometry per square arcsec in bandpass or color index x.
THE SPATIAL DISTRIBUTION OF THE NRCs AND THE BLUE ARMS
The morphology of the nuclear region of NGC 4314 stands as the final arbiter between various dynamical models that attempt explanation of past, present, and future distributions of stars and gas in this nuclear ring. Two recent studies bearing on this nuclear morphology are a smoothed particle hydrodynamics (SPH) model of the galaxy itself (Ann 2001) and the analytic models of Byrd, Ousley, & dalla Piazza (1998) . Ann (2001) attempts to generate nuclear bardriven spirals in the gas distribution. Byrd et al. (1998) explore the general properties of resonance rings. Hence, ring shape is a consequence of stellar dynamics and might provide evidence for a particular formation process, especially when combined with age estimates (xx 6.4, 6.5, and 7). We would like to know the radial and azimuthal distribution of the NRCs and the blue arms with respect to the galaxy center. We have compared the distribution of the NRCs and the shapes of the blue arm with three simple model distributions: circular, elliptical, or spiral.
We first assume that the clusters are coplanar with the principal plane of the galaxy with an intrinsically circular distribution. The elliptical distribution seen in Figure 2 would then be a consequence of the inclination of the galaxy. To deproject the nuclear ring, an ellipse was fitted to the cluster positions in the ring. There are five parameters of interest: x and y coordinates for the center of the ellipse; semimajor and semiminor axes, a and b; and the position angle of the ellipse in the plane of the sky, h. The input data consisted of the positions (in pixel coordinates) of all the clusters detected in all passbands (U, B, V, I, H) by the daofind routine with parameters set as reported earlier.
Clusters not obviously associated with the ring (either closer to or farther away from the galaxy center) were removed, leaving 153 objects.
To fit the NRC distribution, we employed a genetic algorithm, a FORTRAN program 9 written specifically to do ellipse fitting to discrete points (Charbonneau 1995) . (The STSDAS routine ellipse fits ellipses to isophotes, not to a sparse distribution like that of our clusters.) Genetic algorithms work by encoding parameters of interest as strings representing members of a single species. Different solutions are then subjected to computational evolution by natural selection (the best solutions from each iteration '' breed '' new child solutions), mutations (individual bits in the strings are randomly changed), and crossover (parts of strings are swapped). Ultimately the '' best '' solution is encoded in the surviving string. One of the major strengths of this approach is the very wide parameter space that can be searched for '' best '' solutions. Unlike many nonlinear least-squares approaches, no initial guess is required. However, no uncertainty estimates are produced, a drawback of the genetic algorithm approach.
The parameters of the ellipse fit determined by the genetic algorithm are as follows. The center of the ellipse was determined to be within 1.5 pixels (0>07) of the galaxy nucleus. The semimajor axis of the ellipse was found to be 7>4 with ellipticity ¼ 0:28 and position angle P:A: ¼ 137
. If the nuclear ring is inherently circular, then an inclination of 44 is derived. Note that the inclination and position angles differ from values determined in Paper I using the outer isophotes of the galaxy (i ¼ 23 AE 8 and P:A: ¼ 51 AE 8 ). The position angle also differs from that of the line of nodes, 115 AE 10 , determined from Owens Valley Radio Observatory (OVRO) CO data (Paper III). This may indicate that the nuclear ring is inclined relative to the plane of the galaxy or is not inherently circular. For example, Buta, Crocker, & Byrd (1999) show that the nuclear ring of ESO 565-11 is intrinsically elliptical, not a circle seen in projection. Ann (2001) deprojects an H-band image of the nuclear ring of NGC 4314, assuming the inclination derived in Paper I, and finds an intrinsically elliptical distribution with ¼ 0:35. From Paper I the primary stellar bar has P:A: ¼ 146 AE 3 . We note that the position angles of the primary bar, the nuclear bar, and the nuclear ring are probably the same within the errors. The nuclear ring is aligned with the bars, a result confirmed by Ann (2001) .
From Paper I the semimajor axis of the arcs containing the blue arms was found to be 11>9 with ¼ 0:28 at P:A: ¼ 48
. The apparent ellipticity of the distribution of NRCs is identical. On the sky the position angle of the distribution of the NRCs and the ellipse containing the blue arms differ by 89 . This near 90 difference suggests IILR and OILR (Combes 1988) and supports the IILR/OILR dynamical interpretation from the CO velocity field discussed in Paper III.
In Paper I the spatial distribution of the blue arms was explored. Our new data (the positions of A1-A12 on Fig. 5 ) do not change the conclusions reported in Paper I. Concerning the choice between an elliptical and a spiral shape for the blue arms, a spiral with a pitch angle i ¼ À12=7 AE 0=9 (indicating trailing arms) was weakly favored over an ellipse.
Our new higher resolution data (the positions in Table 2 ) suggest that there is no unique spiral pattern that connects the NRCs to the blue arms. A single spiral was qualitatively supported by the lower spatial resolution data of Paper I. The NRCs and blue arms might not be simultaneously generated by a single spiral density wave pattern. Byrd et al. (1998) discuss resonance rings in galaxies and explain ring misalignment as due to dissipation (cloudcloud collisions). The OILR and IILR in NGC 4314 show no evidence for dissipative misalignment and match the Byrd et al. (1998) model with a weak bar (q 2 ¼ 0:02) and strong clumping (c ¼ 0:03) (their Fig. 2 , top left panel). The morphological consequences of increased dissipation include the narrowing of the gap between the morphological features that trace the OILR and IILR. Increased bar strength sharpens the ends of the morphological features associated with an OILR. In NGC 4314 the morphological features we associate with the OILR (blue arms) and IILR (distribution of NRCs) are nearly touching along the IILR major axis at P:A: $ 148
. The morphological feature we associate with the OILR, traced by the A and B components in the figure given in x 8, is quite rounded. We conclude that if the nuclear morphology of NGC 4314 is produced by a nuclear bar, it is a weak bar. Regarding this last point, Shlosman & Heller (2002) have modeled nuclear bars of varying strengths. The morphology of NGC 4134 most resembles their model 1, a weak nuclear bar.
NRC PHOTOMETRY
We wish to establish the sequence of star formation associated with the nuclear ring. The spatial resolution and wavelength coverage of these HST data permit us to assess cluster ages. Our methodology is similar to that used by Whitmore et al. (1999b) for the clusters in NGC 4038/4039, by Buta et al. (1999) for the nuclear ring in ESO 565-11, by Buta et al. (2000) for the nuclear ring in NGC 1326, and by Maoz et al. (2001) for the nuclear ring in NGC 1512. We lack the wide wavelength coverage of the NGC 1512 study, so we do not fit spectral energy distributions (SEDs) to models.
NRC Color-Color Diagrams
We plot in Figure 6 the color-color diagrams (UÀB) 0 versus (BÀV ) 0 and (BÀV ) 0 versus (VÀI ) 0 for the NRCs listed in Table 2 . We superpose evolved clusters of various ages from Leitherer et al. (1999, hereafter L99) , chosen for convenient Web access. We plot burst colors, not continuous SFR colors, and choose the ¼ 2:35 IMF with a truncated upper limit M up ¼ 100 M and metallicity Z ¼ 0:020. Note that in the (BÀV ) 0 versus (VÀI ) 0 color-color diagram the youngest L99 clusters do turn back to redder (VÀI ) 0 .
Cluster colors are certainly a function of cluster age but are also affected by reddening from the interstellar medium local to each cluster. The magnitude of the effect due to A V ¼ 1 is indicated by the reddening line in each color-color diagram. These plots serve to show that neither UÀB versus BÀV nor BÀV versus VÀI is suitable for age studies. The reddening and the age variation are approximately parallel to one another and cannot be separated.
As discussed in Whitmore et al. (1999b) , the clusters with stronger H are expected to be too red in BÀV and too blue in VÀI, compared to the model clusters. This is due to emission-line contamination in the V bandpass. The '' V '' we chose, F569W, is somewhat less affected, having less transmission at H than does the F555W filter.
Estimating NRC Reddening with Q
First introduced by Johnson & Morgan (1953) , the reddening-free parameter, Q, is defined as Benedict (1980) showed that Q was applicable to star clusters in external galaxies, specifically that young stars were present all around the nuclear ring in NGC 4314. In Figure  7a we plot Q versus (BÀV ) 0 for our clusters and for the L99 Table 2 . The symbol size is that of the median 1 photometric error. Also plotted are a reddening vector for A V ¼ 1:0 and a cluster evolution track (diamonds) from L99 with a few associated ages in yr. The square indicates the (BÀV ) 0 and (VÀI ) 0 colors for the primary stellar bar exterior to the nuclear ring region and for the nuclear bar at location x ¼ À1>5, y ¼ 3>0 in Fig. 5 . model clusters. The model clusters have ages of 0.1-100 Myr. We also plot the locus of main-sequence stars and a reddening vector produced by A V ¼ 1. The Q values are consistent with the luminosity of each cluster being dominated by OB stars. We estimate the reddening by calculating the distance in (BÀV ) 0 between the locus of unreddened model clusters (dotted line) and each observed cluster. This provides a color excess, E BÀV . We then assume (Savage & Mathis 1979 ) R V ¼ 3:1 because in Papers I and III we demonstrated a ratio similar to this for a dusty region in the primary stellar bar of NGC 4314, far from new star formation sites. With this ratio we generate the A V values found in Table 4 . For NGC 4314 A V h i ¼ 0:6, half the A V h i ¼ 1:2 found for the nuclear ring of NGC 1326 (Buta et al. 2000) , but identical to NGC 1512 (Maoz et al. 2001 , Table 5 ).
In Figure 8 we identify each cluster with a circle proportional to A V and note that larger A V values are found to the northeast. From the CO velocity field presented in Paper III, the line of nodes has a position angle of 115 AE 10 and is redshifted to the northwest. Assuming that the large-scale spiral arms are trailing, the northeast side is the far side of the ring, consistent with its higher extinction and with the molecular ring lying inside the ring of star formation. Comparison of our values of A V with the CO map in Paper III shows that the ratio of A V to CO flux is systematically higher to the northwest, indicating that the star clusters tend to lie in front of the clouds to the southeast and behind the clouds to the northwest. The fact that a far and near side can be inferred from these A V values lends them credence.
H95a recommend correcting natural magnitudes for extinction before using transformations. This is not a problem for Galactic extinction, which comes from an independent measurement (Schlegel et al. 1998 ), but is a potential problem for the internal extinction values we obtain from Figure 7a . We cannot correct for an extinction that is unknown until we compare our calibrated Q and BÀV values with model cluster colors. We estimate that the error introduced by not following this order of correction is small. It could be a large effect if we had a mixed population of reddened very old and reddened young clusters. Evidently the nuclear ring of NGC 4314 does not (x 6.5). For our average color excess, hEðBÀV Þi ¼ 0:2, the maximum difference in instrumental U-band absorption, A U , is DA U ¼ 0:15 mag, comparing an O6 to a K5 star. As we will see, none of our selected clusters are dominated by K5 stars. The effect in the other bandpasses is significantly less. See Buta et al. (2000) for a useful discussion of the potential problems associated with color-based age estimates using HST WFPC2 photometry.
H Emission Associated with NRCs
We obtained H flux measures, using the same 0>4 diameter aperture as for the UBVI photometry, at the location of each cluster identified in Figure 2 . Of the 76 clusters, 75% were detected at the 3 level or higher. Contrast this with NGC 1326 (Buta et al. 2000) , where there is little correlation between H ii regions and continuum sources (presumably clusters). We list these fluxes in units of 10 À15 ergs s À1 cm À2 (multiplying by the 28.5 Å F658N bandpass) and log L H in Table 5 . The average L H is 2:4 Â 10 37 ergs s À1 , typical for an extragalactic H ii region (Kennicutt et al. 1989) , and far less than the 5 Â 10 39 ergs s À1 emitted by 30 Doradus in the LMC (Kennicutt & Hodge 1986) .
While these H fluxes will provide an independent age estimate (see xx 6.4 and 6.5), they first allow us to test the validity of our derived A V . We see a wide range of H fluxes due to either differences intrinsic to the clusters (e.g., mass) or variable extinction. To correct for cluster size, we form an H equivalent width, EW H , by subtracting an estimated continuum as follows:
where
and
Again, we plot ( Fig. 7b) Table 5 . EW H also indicates a falloff in H flux for clusters dominated by stars later than B3. To summarize, correcting for extinction improves agreement between age differences from Q and age differences from H. Within the nuclear ring stronger H is correlated with more negative Q values.
NRC Ages from Color-Color Diagrams and H Emission
With A V and the Savage & Mathis (1979) reddening law we can estimate absorption in each of our other bandpasses: A U ¼ 1:66A V , A B ¼ 1:32A V , and A I ¼ 0:59A V . We then correct all photometry for absorption intrinsic to NGC 4314 [double-zero subscripts, e.g., (BÀV ) 00 ] and arrive at the color-color diagrams presented in Figure 9 . The symbol size is proportional to the extinction-corrected EW H . We note the general agreement with the L99 cluster evolution trajectories in both color-color diagrams, even though only UÀB and BÀV (through the Q vs. BÀV plot in Fig. 7a ) were used to generate the reddening corrections. We also note that the H emission and age are somewhat correlated, with a maximum H flux associated with clusters of age $3 Myr.
Figures 7b and 9 suggest that the H emission from clusters seems to increase up to an age of about 3 Myr and then decline.
Estimating NRC Ages with Several Q Parameters
Whitmore et al. (1999b) have recently estimated ages for clusters in the colliding galaxy pair NGC 4038/4039, the Antennae. They defined another reddening-free parameter:
Each cluster can be plotted on a Q-Q 3 plot and compared with stellar population synthesis model tracks of cluster evolution (again, we use L99) to determine its age. Figure 10 shows this plot for the NRC. Comparing with the locations of model clusters of various ages from L99, we find that most of the clusters in our nuclear ring sample are younger than 20 Myr. With typical errors of 0.10 in Q and Q 3 , we are unable to search for detailed radial and/or azimuthal age gradients within the ring of active star formation. For crude age resolution we flag those clusters younger than 15 Myr with '' Y '' and those older than 15 Myr (15 < age < 40 Myr) with '' O '' in Table 5 . In the Figure 11 Q-Q 3 diagram the clusters are represented by symbols whose size is proportional to the extinction-independent EW H . Note that ages for clusters with no H emission can be estimated from Figure 10 . The NRC H equivalent widths support the age differences indicated by their placement on the Q-Q 3 diagram. The average EW H for NRCs older than 15 Myr is 0.2 mag less than for young clusters.
To explore spatial correlation with age, in Figure 12 we map clusters represented by symbols corresponding to the two age groups (age older or younger than 15 Myr). There is a slight tendency for a radial age gradient in that the few clusters outside the ring are all older than 15 Myr. There is 
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no evidence for a smooth azimuthal gradient. However, most of the clusters with 40 < P:A: < 150 and 180 < P:A: < 260 are young. At all other position angles there is a mix of young and old clusters. We note that the dust lanes enter the nuclear ring at approximately the above ranges of position angle. The apparent lack of older clusters in these regions could be due to dust extinction lowering their brightnesses below our photometric cutoff (x 3.2.2).
The V-Band Cluster Luminosity Function
Our adopted distance, 13.1 Mpc, and estimated error imply a distance modulus of mÀM ¼ 30:59 AE 0:15. We correct each cluster V for the derived A V intrinsic to NGC 4314 and obtain the absolute magnitudes listed in Table 4 . These are in the range À8:0 < M V < À11:9, values similar to those found for clusters in NGC 1326 (Buta et al. 2000) . The most luminous star clusters in NGC 4314 have corrected absolute magnitudes of À11.9, about 2 mag more luminous than the most luminous star clusters in the Milky Way (Har- ris 1991). These clusters are slightly more luminous than R136, the cluster at the core of the giant H ii region 30 Doradus in the LMC (M V ¼ À11:3; O'Connell, . NGC 4314 has no star clusters as luminous as those found in the interacting galaxies/mergers NGC 1275, NGC 7252, NGC 4038/4039, and NGC 3921 (Holtzman et al. 1992; Whitmore et al. 1993; Whitmore & Schweizer 1995; Schweizer et al. 1996) ; the irregular galaxies NGC 1140, NGC 1569, NGC 1705, and M82 O'Connell et al. 1994 O'Connell et al. , 1995 ; or the circumnuclear rings in the barred galaxies NGC 1097, NGC 6951, and ESO 565-11 (Barth et al. 1995; Buta et al. 1999) . However, some of the NGC 4314 clusters do fall in the range of the most luminous clusters identified in IC 2163 (Elmegreen et al. 2001) .
It is of interest to compare the V-band luminosity function (LF) of the star clusters in NGC 4314 with the LFs of star clusters in other galaxies studied by HST. To accomplish this, we require a more complete V-selected sample of star clusters than provided by our initial photometric precision culling (x 3.2.2). We therefore reran the IRAF routine daofind on the V-band image and obtained 154 clusters with a signal-to-noise ratio S=N ! 10. We corrected these magnitudes for Galactic and internal extinction as discussed earlier. In Figure 13 we plot the distribution of absolute V magnitudes for these star clusters, with and without correction for internal extinction.
To investigate the completeness level in our sample, we added artificial clusters to the image with a range of apparent magnitudes. We then ran daofind on the resultant image and tabulated the percentage of artificial star clusters at each magnitude level that were successfully recovered. These results indicate that this V-selected cluster sample is complete to V $ 22:75, or an uncorrected M V of À8.1. This is just slightly below the turnover in the NGC 4314 LF (see Fig. 13 ). Relative to V-band photometry only, we are probing 2-4 mag fainter in the LF than earlier studies of star clusters in NGC 1275 (Holtzman et al. 1992) , NGC 4038/ 4039 (Whitmore & Schweizer 1995) , and NGC 7252 (Whitmore et al. 1993) , which were based on images from the now defunct WFPC. We are 0.5-1 mag more sensitive in the LF than the WFPC2 studies of NGC 3921, ESO 565-11, NGC 1326, and NGC 7252 (Schweizer et al. 1996; Buta et al. 1999 Buta et al. , 2000 Miller et al. 1997 ) and 3 mag more sensitive than the WFPC2 NGC 1097 study of Barth et al. (1995) . Whitmore et al. (1999b) , with long-exposure WFPC2 data, probe well into the absolute magnitude domain of supergiant stars. They attain an uncorrected completeness limit of V ¼ 24 (M V ¼ À7). As they point out, clusters dominate the LF brighter than M V ¼ À9, while supergiants become important at fainter magnitudes.
We fit the bright end (presumed not severely contaminated by stars) of the uncorrected LF (À8:0 < M V < À11) to a power law of the form NðLÞ / L dL and found a bestfit slope of ¼ À1:74 AE 0:05, consistent with that found for the interacting pair NGC 4038/4039 ( ¼ À1:78 AE 0:5; Whitmore & Schweizer 1995), but not as steep as that found for other galaxies (NGC 3921, ¼ À2:1 AE 0:3; Schweizer et al. 1996) , including other nuclear ring galaxies such as ESO 565-11 ( ¼ À2:18 AE 0:06; Buta et al. 1999) , NGC 1326 ( ¼ À2:10 AE 0:04; Buta et al 2000), and NGC 1512 ( ¼ À2; Maoz et al 2001) . We note that the LF turns over near M V ¼ À9 and that the slope at the brightest end from À9.5 to À11 would be steeper, thus more consistent with other galaxies.
We reiterate that the cluster sample discussed in this section is not the cluster sample used in the age estimates above and the following mass estimates. The 76 NRCs selected for the photometric study are a sample complete only to M V ¼ À10.
Estimating NRC Masses
Elmegreen & Salzer (1999) derive cluster masses by comparing blue absolute magnitudes, M B , and the BÀI color -NRCs identified by age. Filled squares denote age < 15 Myr, and bow ties denote age > 15 Myr. Note the lack of an azimuthal age gradient and weak evidence for a radial age gradient. index with predictions from cluster models. We have estimated M V corrected for A V (Table 4) . From M V and the extinction-corrected BÀV we obtain M B . We plot in Figure  14 our cluster M B versus BÀI, along with values for synthetic clusters of 10 4 and 10 5 M from L99. To obtain the mass in each cluster, we interpolate between the two synthetic cluster (and the missing 10 3 M ) lines. Cluster masses are provided in Table 4 and have a range 0:2 Â 10 4 < M NRC < 4:6 Â 10 4 M with an average M NRC h i¼ 1:6Â 10 4 M . Even though many of these clusters are brighter than any Milky Way cluster (x 6.6), all are less massive than any Milky Way globular cluster. Hence, these are newly formed open clusters, not protoglobular clusters, more luminous because they are young. The total mass of all measured clusters is 11:8 Â 10 5 M . NGC 1326 (Buta et al. 2000) contains some clusters with masses as high as 5 Â 10 5 M . From Maoz et al. (2001) the average mass for clusters in NGC 1512 (within 4 mag of the brightest cluster) is M h i ¼ 0:7 Â 10 4 M .
To estimate the total mass in all clusters in the nuclear ring of NGC 4314, we assume that 50% of the 110 objects removed as a result of large photometric errors produced little flux because they were faint. We assign them the smallest measured mass, 0:2 Â 10 4 M . We assume that the other 55 objects were average in size (1:6 Â 10 4 M ) but so affected by interstellar absorption that they appeared faint. This yields a total stellar mass in recently formed clusters of M Ã ¼ 2:1 Â 10 6 M . Because some of the clusters are faint as a result of age, this is a lower limit for the total mass.
As discussed in x 3.2, we have not spatially resolved these clusters and therefore cannot derive stellar densities. There is a critical density below which a cluster is subject to tidal disruption. Clusters below this critical density have relatively short lifetimes (Barth et al. 1995) . We can, by comparing with the Barth et al. (1995) results for NGC 1097, estimate the critical density of a cluster in the nuclear ring. From the Paper III CO rotation curve we derive the Oort constant A ¼ 220 km s À1 kpc À1 and ! ¼ 0:077 Myr À1 at r ¼ 5 00 . Our derived critical density is 18.5 M pc À3 , nearly identical to that for NGC 1097 (20 M pc À3 ). Presuming cluster sizes similar to NGC 1097 ($3 pc) and an average cluster mass, M NRC h i¼ 1:6 Â 10 4 M , the clusters in the NGC 4314 nuclear ring have stellar densities of $140 M pc À3 , well above the threshold of stability. 6.8. Nuclear Ring H Morphology Figure 15 shows the distribution of H intensity throughout the nuclear ring. This image has been smoothed with a Gaussian ( ¼ 1 pixel). Comparing with Figure 5 , where clusters and dust are most easily seen, there appear to be some instances where the peak H emission and the clusters are spatially coincident (e.g., NRC 47) and many cases where they are anticoincident. Examples of the latter are the groups of clusters NRC 10, NRC 11, NRC 14, NRC 18 and NRC 46, NRC 8, NRC 34, identified in Figure 2 . These areas may be H bubbles possibly formed by past supernova events. Examples of these are discussed by Whitmore et al. (1999b) in the NGC 4038/4039 collision and in the nuclear ring of NGC 1512 by Maoz et al. (2001) . We detect no organized diffuse H emission associated with the blue spiral arms external to the nuclear ring. In that smoothed image our 3 flux limit was 2:2 Â 10 À19 ergs s À1 cm À2 pixel À1 . This corresponds to a cluster aperture photometry level of 1:3 Â 10 À17 ergs s À1 cm À2 and an H luminosity in our 0>4 diameter aperture of 3 Â 10 35 ergs s À1 . Smoothing improved our detectability of diffuse emission by a factor of $7. (Table 3) and representative comparison NRCs (from Table 2 ) are marked. Note possible outflow bubbles in the nuclear ring at the location of NRC 14 and NRC 20. North is at the top, east to the left.
Star Formation Rates in the NRC
We can estimate the SFR in the nuclear ring from the estimated total NRC mass (x 6.7) and the perceived duration of this star formation event (Fig. 10) . We find that NGC 4314 has formed 2:1 Â 10 6 M of stars over $2 Â 10 7 yr. This yields an SFR of $0.11 M yr À1 , nearly an order of magnitude less than that of NGC 1326 (Buta et al. 2000) . We would like to compare the SFR associated with clusters to a global rate from a total H flux. As discussed in x 3.2.1, our total H flux was measured to be $4 Â 10 À13 ergs s À1 cm À2 , uncertain because of [N ii] contamination. Correcting this flux for an average H absorption derived from Table 4 (see x 6.3), we obtain log L H ¼ 40:22 and a global SFR ¼ 0:13 M yr À1 . These rates suggest that 70%-100% of the star formation in NGC 4314 occurs in clusters. Zepf et al. (1999) and Meurer et al. (1995) find values of $20% for the fraction of star formation in clusters for starburst/merger galaxies. We note that the total H 2 mass inferred for NGC 4314 from the Paper III CO study is 2:1 Â 10 8 M , about half that of NGC 1326 (Buta et al. 2000) . Hence, there is not a linear relationship between the amounts of gas and star formation, and the much lower SFR in NGC 4314 cannot be caused simply by a smaller supply of raw material.
Notes on Individual NRCs
Some of the NRCs have interesting extremes. All can be located using the finding chart, Figure 2 . The discussed values are from Tables 2, 4, and 5.
The most reddened cluster (A V ¼ 2:26 AE 0:18) is NRC 24. Identifying it on Figure 2 , we see in Figure 5 that it is one of the few clusters lying on a dust lane. Most are off to one side or the other of the most prominent dusty regions. In the Q versus BÀV diagrams (Fig. 7) and the Q-Q 3 diagram (Fig.  10 ) one cluster, NRC 53, is clearly younger than any other. It has the most negative Q value and sits very near to the 1 Myr age marker. NRC 57 is the cluster with the largest H luminosity [log LðHÞ ¼ 38:46 ergs s À1 ], the brightest absolute V magnitude (M V ¼ À11:88 AE 0:06), and hence one of the largest cluster masses (3:8 Â 10 4 M ). The most massive cluster is NRC 11 with M ¼ 4:6 Â 10 4 M . NRC 53 and NRC 57 are within 25 pc of each other. NRC 53 suffers nearly 1.5 mag more extinction than NRC 57. Correcting for this extinction, they have similar masses. The younger cluster, NRC 53, has less than half the extinction-independent H equivalent width of the older one, NRC 57. It is a theoretical possibility that observations at this epoch are temporally resolving the growth of an H ii region, catching NRC 53 before the Strö mgren sphere expands to its maximum surface area and brightness. However, it is more likely that the younger cluster has more of its ionizing radiation absorbed by dust. The older cluster has probably emerged more from the dust associated with its birth cloud.
The oldest clusters on Figure 10 are NRC 1, NRC 76, NRC 37, and NRC 42, with ages of $50 Myr. The average H luminosity for the two oldest NRCs with detectable signal is log LðHÞ ¼ 36:61 ergs s À1 . Two of these oldest NRCs are located well outside the nuclear ring: NRC 1 and NRC 42. NRC 1 is $3 00 exterior to and southeast of the nuclear ring, farther than any other cluster from the nuclear ring of active star formation. NRC 42 is within the northwest blue arm. It was the only discrete clump found in either blue arm by our cluster identification process. It is also the faintest cluster to make our photometric precision cut, with M V ¼ À8:06 AE 0:37. For NRC 42 there is very little associated absorption (A V ¼ 0:27 AE 0:31) and a null detection of H emission [ð0:12 AE 0:11Þ Â 10 À15 ergs s À1 cm À2 ]. Q-Q 3 (Fig. 10) indicates an age of $40 Myr with a substantial uncertainty due to the photometric errors and the clumping of ages 20-50 Myr on the Q-Q 3 plane. The age of NRC 42 is actually somewhat better constrained in the color-color diagrams shown in Figure 9 . NRC 42 lies very near the 50 Myr marker in both diagrams. It is the only resolved cluster in our sample, with FWHM ¼ 4 pixels ¼ 11:2 pc.
ESTIMATING AGES FOR STARS IN THE BLUE ARMS
We return to the region just external to the nuclear ring, the blue arms. These were first discussed in Paper I and confirmed in the photometry of Wozniak et al. (1995) . We found only one cluster in these arms (NRC 42) and detect no diffuse H associated with the arms or H flux from NRC 42. From the age of NRC 42 ($50 Myr) and the lack of H emission associated with this cluster and the arms in general (Figs. 10 and 15) we estimate that the arms are older than the ring of active star formation. From Paper III we conclude that there is little CO (see Fig. 16 , combining the CO intensity map from Paper III with the nested ellipse model residual map) and hence little reddening and little raw material for ongoing star formation. From a CO-A V relation (Paper III, Fig. 11 ) none of the sample regions A1-A12 (Fig. 5) should suffer more than A V ¼ 0:03 absorption.
In Figure 17 we present color-color diagrams for the selected ring clusters and blue arm photometry at the Figure  5 locations. These colors are obtained by subtracting a modeled, smoothly varying background (x 4.2). Presuming no extinction, we can determine the region ages, 100-200 Myr. Unlike the clusters in the active ring of star formation, the light from the blue arms is evidently not dominated by young, massive blue stars. If this is a single-age population with an age of $200 Myr, those arms are now a mix of evolved red giants (whose progenitors were B8 and earlier) and unevolved stars of spectral type B9 and later.
To provide another estimate of the age of the stars intrinsic to the blue arms, we calculate Q and Q 3 (eqs.
[2] and [4]) for the surface photometry of regions A1-A12 and plot them in Figure 18 , along with the L99 model clusters of various ages. Again plotted are a few clusters from the ring of active star formation (see Fig. 5 ). Inferred ages for the stars comprising the blue arms (from the surface photometry listed in Table 3 ) range from 20 Myr for location A6 to $200 Myr for location A4. There is weak evidence of an age progression along each arm. Comparing Figures 5 and 18 , we discern that the locations farther from the nuclear ring (A1, A2, A4, A7, A8, A9, A12) are likely older than 100 Myr. Locations in the Q-Q 3 plane suggest ages of less than 100 Myr for regions closer to the nuclear ring (A3, A5, A6, A10). NRC 42, well within the western blue arm and very near A12, has no detectable H flux and an age of 50 Myr. This one NRC certainly violates the age progression along the blue arm. The photometric quality of these data does support the assertion that in general the arm stars are older than the stars in the ring clusters. They only weakly support an age gradient along the arms.
DISCUSSION
Compared to NGC 1326 (Buta et al. 2000) and NGC 1512 (Maoz et al. 2001) , the nuclear ring in NGC 4314 has an H luminosity (hence an inferred SFR) a factor of 10 less but, in contrast to these galaxies, has many clusters with directly associated H flux. The cluster formation process in NGC 1326 builds some clusters 10 times more massive than the largest in NGC 4314. NGC 1512 produces clusters with a mass distribution similar to NGC 4314. NGC 4314 has half the internal extinction of NGC 1326, but about the same as NGC 1512. Each of these galaxies has produced clusters with a similar absolute magnitude range. Neither NGC 1326 nor NGC 1512 has circumnuclear blue arms, sites of past star formation just exterior to their nuclear rings. All three nuclear rings contain a similar small fraction of clusters older than 100 Myr.
We next discuss the locus of the NRC, the nuclear ring of active, present-day star formation. In Paper III we mapped the inflow of gas along the primary stellar bar into the nuclear ring. We find some evidence that the inflow triggers star formation at the locations where gas enters the ring (P:A: $ 80 and $260 ; Fig. 12 ). However, the youngest cluster, NRC 53, is, galactic rotation-wise, '' upstream '' from the P:A: $ 80 '' impact '' site. Star formation does not seem to work its way around the ring in a sequential fashion, like a burning fuse (there is no strong azimuthal age gradient). Nor do we find a significant radial age gradient at any position angle within the nuclear ring. However, the three oldest clusters are at or beyond its outer edge (Fig. 12) . At the average radius of the NRC distribution (from Paper I) we identified an IILR from the CO dynamics discussed in Paper III. Hence, the star formation mechanism is consistent with gravitational instability associated with an IILR (e.g., Elmegreen 1994) , which triggers formation simultaneously all around the ring.
Our sample of clusters in the nuclear ring of NGC 4314 contains no old (>100 Myr) clusters (x 6.5). In NGC 1326 ( Buta et al. 2000 ) the same age estimation technique showed that 10% of the NRCs were older than 100 Myr. Fitting SEDs to models, Maoz et al. (2001) finds that 4% of the NRCs in NGC 1512 are old. Unfortunately, we cannot make a direct comparison with these results. The NGC 1326 and NGC 1512 cluster samples were defined by fainter M V limits. Assuming NGC 4314 to have a similar mix of old and new clusters, we should find between three and eight with age > 100 Myr. These may have been missed because they were faint and discarded in our cluster selection process (x 3.2.2). L99 estimate that for a given mass, a 100 Myr old cluster would be $2.5 mag fainter than a cluster at age 5 Myr. Our NRC sample contains photometry for only 12 clusters that are 2.5 mag fainter than our brightest cluster. Age alone could reduce NRCs in brightness enough to be missed entirely in our sample. Maoz et al. (2001) argue that the ring in NGC 1512 could contain many more old clusters that were too faint to allow detection. The existence of such an older population would argue for continuous (as opposed to episodic) star formation in the nuclear ring.
Given the importance of the presence or lack of old clusters in the nuclear ring, we inspected a color-color diagram, (UÀB) 0 versus (BÀV ) 0 , for the full initial sample of 186 clusters. It suggests that a small fraction of the NRCs in NGC 4314 are older than 100 Myr. Because these are the faintest clusters in our sample with the least precise photometry, it is impossible to derive a precise fraction. We estimate that the fraction of old clusters in the nuclear ring of NGC 4314 is closer to the 4% found by Maoz et al. (2001) for NGC 1512 than the 10% found by Buta et al (2000) for NGC 1326. Combes et al. (1992) assert that the CO ring (Fig. 14) is shrinking as a result of dynamical friction. Because the CO traces the raw material required for star formation, this shrinking could produce an age gradient across the nuclear ring of active star formation. The photometric quality of our data does not permit a precise determination of an age gradient across the $1 00 diameter ring annulus. This would provide a rate for the shrinking. However, if we interpret the scatter in age in Figure 10 as an upper limit to a radial age gradient (as the ring shrinks by $1 00 ), we infer an upper limit for the shrink rate of 64 pc=30 Myr ¼ 2:1 pc Myr À1 .
The blue arms exterior to the nuclear ring of active star formation are morphological features found neither in NGC 1326 (Buta et al. 2000) nor in NGC 1512 (Maoz et al. 2001) . Our HST blue arm data cannot be discussed without reference to the entire structure within which they lie. One can see in the surface color maps in Paper I (the Paper I VÀI map is reproduced as Fig. 19 ) and the BÀI map in Wozniak Figure 19 . The B regions are too faint to detect in the HST data. In Figure 19 they are slightly less blue and somewhat broader than the A sections. Based partly on the CO rotation curve, we identified in Paper III the likely location of the OILR near the outer edge of the blue region containing features A and B. In x 7 we find evidence that the stars comprising the A sections of the blue arm regions are older than the stars in the ring of active star formation, the NRC. This suggests a past epoch of star formation.
The smoothness of the blue arms and their intrinsic color suggest that their component stars are old enough to have dispersed from the cluster sites where they presumably formed. We have no information on the intrinsic (background-corrected) color of the fainter B sections because we can obtain no HST measurements at these locations. Their slightly less blue color in Figure 19 could be due entirely to the apparent greater spatial dispersion. Our only resolved cluster, NRC 42, has FWHM ¼ 11:2 pc. Its proximity to the blue arm (Fig. 5) , an age significantly older than clusters in the nuclear ring, and a resolvable extent suggest cluster dispersion as an explanation for the smoothness of the blue arms.
Relative to these arms we identify two SFR scenarios.
(1) The blue arms could be due to a past epoch of high SFR farther out than the present site of star formation. The rate in the blue arms is now essentially zero. The observed colors (less blue than the nuclear ring of active star formation) are then explained by the evolution of this population from very blue to less blue. (2) Alternately, the blue arms could be maintained by a present epoch of star formation. The observed colors are then explained by an intrinsically low SFR. Our results, namely, no H, no CO, and no young clusters local to the blue arms, all favor the first scenario.
We have presented evidence for a past epoch of star formation exterior to the nuclear ring of present-day star formation. This evidence supports the idea, first applied to NGC 4321 by Knapen et al. (1995) and summarized and extended by Shlosman (1996) , that as gas inflows along the primary bar of a galaxy, star formation occurs first near the OILR, then later near the IILR. Considering the OILR and IILR as triggering sites for star formation that activate as the bar-driven gas passes through them (Elmegreen 1994) , the 2.1 pc Myr À1 rate of shrinking estimated above would predict past star formation at the locus of the OILR (the elliptical distribution containing the blue arms) $150 Myr ago. This agrees with our age estimate for the blue arms. Shlosman (1996) estimates that the entire process of migration through both the OILR and IILR takes less than a billion years. The nuclear structure of NGC 4314 apparently depends on two processes. Bar-driven inflow, first confirmed in Paper III, compacts the reservoir of raw material required to fuel star formation (Combes et al. 1992) . As that gas moved inward, gravitational instability associated with resonances (Elmegreen 1994 ) triggered past star formation at the OILR, in the vicinity of the blue arms, and triggers it now at the IILR, the site of the present-day nuclear ring.
SUMMARY
We summarize the major observational results of this paper as follows:
1. We have obtained U, B, V, I, and H aperture photometry of 76 star clusters (NRCs) associated with the nuclear ring of NGC 4314.
2. We find that an ellipse can provide a good fit to the spatial distribution of NRCs. If the NRCs are coplanar with the principal plane of this galaxy and we assume a circular distribution, the ellipse fit yields an inclination of i ¼ 44 , far greater than the i ¼ 23 consistent with the Paper I outer isophotes. Thus, either the nuclear ring is intrinsically circular and tilted out of the plane of the outer disk, or alternatively, the distribution may be intrinsically elliptical (Ann 2001) . If intrinsically elliptical, the NRCs/blue arms could be an IILR/OILR, an identification supported by the CO dynamical results in Paper III and the orientation difference of $90 (Combes 1988 ). 3. We have applied the Jørgensen et al. (1992) nested ellipse model to the nuclear region of NGC 4314. The Fourier coefficient, c 4 , suggests a weakly boxy deviation from an elliptical distribution in the range 3 00 < r < 6 00 . We identify this effect with the bar hinted at in Paper II and confirmed by Ann (2001) .
4. By subtracting the smooth components of the galaxy light, we have mapped the dust (and hence gas) distribution interior to the nuclear ring, to within a few parsecs of the nucleus. The dust distribution is extremely complex, but some of the pattern is suggestive of those seen along the leading edges of bars in barred galaxies. The dust distribution near the nuclear ring is strongly spiral.
5. From the reddening-free parameter, Q, and model cluster evolutionary tracks from L99 we derived A V intrinsic to NGC 4314 for the NRCs. The clusters in the northeast section of the nuclear ring have a characteristic A V $ 1:5, whereas those in the southwest have a characteristic A V $ 0:6, suggesting that the northeast side of the ring is the far side.
6. Corrected for interstellar extinction intrinsic to NGC 4314, the NRC colors are inconsistent with a single burst of star formation. The present episode of star formation has lasted at least $30 Myr.
7. The intercomparison of two reddening-free parameters (Q and Q 3 ) shows that the distribution of NRC ages peaks at $5 Myr. We find only weak evidence for either azimuthal or radial age gradients within the ring. It appears that star formation occurs in all parts of the ring nearly simultaneously.
8. We have produced a continuum-corrected H map of the nuclear ring region. From these data we obtain H fluxes at the locations of a significant fraction (75%) of the NRCs. We find that H correlates with our age parameter. We did not detect diffuse H emission from the blue arm regions.
9. A comparison of a global SFR from total nuclear ring H flux with an SFR inferred from the duration of the present epoch of formation and cluster masses from UBVI photometry suggests that a significant fraction of the star formation in the nuclear ring occurs in the NRC clusters. 10. From photometry of residual flux in excess of that predicted by the nested ellipse model, we have determined that one past episode of star formation in NGC 4314 ended at least 50 Myr ago. This is the minimum age for the stars in the blue arms and for the one star cluster (NRC 42) identified in the northwest arm. Most of the locations in these arms have colors consistent with ages of 100-200 Myr. We interpret the arms as the now dispersed remnants of past clusters.
11. Compared to NGC 1326 (Buta et al. 2000) , the nuclear ring in NGC 4314 has an H luminosity (and hence SFR) and maximum cluster mass a factor of 10 less. Compared to NGC 1512 (Maoz et al. 2001 ), the nuclear ring in NGC 4314 has an H luminosity a factor of 10 less but a very similar cluster mass range. NGC 4314 has many clusters with directly associated H flux, unlike NGC 1326 and NGC 1512. NGC 4314 has half the internal extinction of NGC 1326 and about the same as NGC 1512. Neither NGC 1326 nor NGC 1512 has blue arms, sites of past recent star formation exterior to their nuclear rings. All three nuclear rings contain a similar small fraction of clusters older than 100 Myr.
12. The radii of the dynamically identified OILR and IILR, along with a rate of shrinkage inferred from the age range in the nuclear ring of active star formation, suggest that NGC 4314 presents us with a radially shrinking reservoir of raw material (molecular gas) that interacts with, in sequence, an OILR and then an IILR. The age of the blue arms and the range of ages in the clusters associated with the IILR are consistent with this model. G. F. B. thanks the HST Astrometry Science Team, W. Jefferys, P. Shelus, P. Hemenway, W. van Altena, L. Fredrick, O. Franz, R. Duncombe, and B. McArthur, for their support of this research that was far from astrometric in nature. Thanks also to Jim Jeletic, Ed Ruitberg, Dave Leckrone, Keith Kalinowski, and Ken Carpenter (all at the Goddard Space Flight Center) for their understanding, patient, and fair administration over these many years of the supporting NASA grant NAG 5-1603. G. F. B. also thanks the Cox Endowment Fund of the University of Texas Department of Astronomy for sustaining support. We thank Jim Higdon for TIGER/OASIS H spectra in advance of publication. G. F. B. thanks Ron Buta and Dani Maoz for discussions and a review of an earlier draft. Finally, to my patient friends in the HST cluster business, thank you for not grabbing these long since public domain data. The work by I. J. on this research was supported by the Gemini Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., under a cooperative agreement with the NSF on behalf of the Gemini partnership: the National Science Foundation (US), the Particle Physics and Astronomy Research Council (UK), the National Research Council (Canada), CONICYT (Chile), the Australian Research Council (Australia), CNPq (Brazil), and CONICET (Argentina). B. J. S. acknowledges partial support from NASA grant AR-08374.01-97A from the Space Telescope Science Institute, which is operated by AURA, Inc., under NASA contract NAS 5-26555.
